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Congenital Abnormalities of the Conduction System in Sudden Death
in Young Adults
SAROJA BHARATI, MD, FACC, MAURICE LEV, MD, FACC
Browns Mills, New Jersey
The sudden death of four apparently healthy young peo-
ple, three men aged 25, 24 and 21 years, respectively,
and one woman aged 20 years, was investigated. The
heart was of normal size in two and was slightly enlarged
in two. The conduction system in all hearts was serially
sectioned. In all hearts the His bundle showed loop for-
mation. In two, the branching bundle was left-sided with
the right bundle branch intramyocardial. In the other
two, the His bundle was markedly fragmented. Two had
myocarditis, and three had arteriolosclerosis of the sum-
mit of the ventricular septum.
These findings suggest the following: 1) autopsy may
be otherwise normal or show minimal findings in cases
of sudden death in young people, with significant ab-
When there is no obvious cause for sudden death in young
people who have been living normally, it is generally as-
sumed that death was due to arrhythmia. Despite this as-
sumption, a complete examination of the conduction system
of the heart is rarely done.
We report our findings after the sectioning of the con-
duction system of four young people who died suddenly.
These findings were compared with findings in normal hearts
in all age groups previously studied by us (l,2). Our patho-
logic findings suggest that abnormalities of the conduction
system, congenital or acquired, or both, may be the only
findings in the heart that might have caused arrhythmia and
sudden death. These findings and our previous work in cases
of sudden death strongly suggest that the conduction system
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normalities seen only in the conduction system. 2) The
common denominator in the conduction system may be
a congenital abnormality ofthe His bundle (in two hearts
it was fragmented, in two it was left-sided and there was
loop formation in all). 3) Acquired changes may be pres-
ent, such as a) arteriolosclerosis of the summit of the
ventricular septum (three cases), b) myocarditis (two
cases), and c) fatty infiltration in the atria (all four cases),
4) a congenital abnormality of the His bundle with or
without other findings(congenitalor acquired) may cause
reentrant phenomena or increased automaticity, ven-
tricular arrhythmias and sudden death.
(J Am Coli CardioI1986;8:1096-1104)
should be examined in all instances of sudden death, expe-
cially those in young adults (3).
Method of Study of the Conduction System
The sinoatrial (SA) node and its approaches, the atrial
septum (preferential pathways) the approaches to the atrio-
ventricular (AV) node, the AV node, the AV bundle and
the bundle branches were serially sectioned. Every 40th
section of the preferential pathways was retained. Every
20th section was retained for all the other areas. The re-
mainder of the myocardium was divided into blocks, and
two sections were taken from each block. Alternate sections
were stained with hematoxylin-eosin and Weigert-van Gie-
son stains. In this manner a total of 2,008 sections were
examined in Case 1; 2,224 sections in Case 2; 2,133 in
Case 3; and 2,464 in Case 4.
Case Reports
Case J
This 25 year old white man was found unresponsive in
his car in his driveway. He had no known medical history
of drug or alcohol problems. A 2 year old sibling had died
of unknown cause a few years previously and a 24 year old
brother had died suddenly of undetermined cause.
0735-1097/86/$3.50
JACC Vol. 8, No.5
November 1986:1096-1104
BHARATI AND LEV
SUDDEN DEATH IN YOUNG ADULTS
1097
Postmortem examination (excluding the heart). Pul-
monary edema and congestion were present. Blood ethyl
alcohol content was 0.130% and brain ethyl alcohol content
was 0.193%; according to Reng-Lang-Lin, PhD, Chief Tox-
icologist of the State of New Jersey, these amounts were
insufficient to cause death. Apart from these findings, the
examination was normal.
Heart. The heart weighed 340 g. It was essentially nor-
mal, but the posterior leaflet of the mitral value was some-
what enlarged and was divided into several segments. The
coronary arteries were widely patent. The findings in the
conduction system are given in Table I.
Pathologic diagnosis. These findings were noted:
I. Partial separation of the SA node from the right atrium
by fat.
2. AV node partly embedded in the central fibrous body.
3. Marked sclerosis and arteriolosclerosis of the right side
of the summit of the ventricular septum.
Figure 1. Case 1. Distal part of the AV bundle, penetrating bundle
(B), showing marked fragmentation. Arrow points to arteriolos-
clerosis. A = atrial musculature; V '= summit of ventricular
septum. Weigert-van Gieson stain; original magnification x 30,
reduced by 26%.
Figure 2. Case 1. Left bundle branch (LBB) showing partial
dissolution of fibers (P). T = tricuspid valve; V = ventricular
septum. Weigert-van Gieson stain original magnification x 22.5,
reduced by 26%.
4. Abnormally formed central fibrous body, base of the
aorta and base of the tricuspid valve, with fibrosis of
these structures, and the distal wall of the right atrium.
5. Marked fragmentation of the AV bundle (Fig. 1).
6. Destruction of the beginning of the left bundle branch
(Fig. 2).
Case 2
This 24 year old white man was found unconscious by
his roommate. He gasped for breath, had a seizure and rolled
over on his stomach. There was a history of recreational
drug usage. He had used cocaine on the day before and
marijuana on the day he died.
Postmortem examination (excluding the heart). Aside
from pulmonary congestion, the examination revealed nor-
mal findings. According to the Chief Toxicologist of the
State of New Jersey, the toxicologic examination did not
show toxic levels of marijuana or cocaine.
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Table 1. Abnormalities in the Conduction System in Four Cases
Case
no SA Node
Upper pole of SA
node separated
from atrial
musculature by fat.
Focal infiltration of
mononuclear cells.
Approaches to SA
Node
Thickening of the
arterioles .
APP
Nothing of note .
Approaches to AV
Node
Nerves showed
fibrosis. Occasional
mononuclear cells in
anulus of MV .
Marked fatty
infiltration and
fibrosis in distal part
of right atr ial
musculature.
Occasional arterioles
thickened.
AV Node
Partially embedded
in CFB . Loop
formati on in
node . Ram us
septi fibrosi
thickened .
Penetrating Bundl e
Large arterio les
eccentrically
thicke ned . Distal
part markedly
fragmented . with
loop formati on
(Fig. I).
2 Monon uclear cell Mononuclear cell Arterio les Small collect ions of Slight fatty Lobulation with
infiltration. infiltration in thickened. mononuclear cells . infiltration . loop formation .
epicardium. Moderate Slight fatty Ramu s septi Moderate fatty
Nerve s infiltrated infiltration of metamorphosis . fibrosi thickened metamorphosis .
with mononucl ear mononuclear (Fig. 3) . Bundle to left
cells . Fatty cells . Some side of summit of
infiltrat ion . mononuclear VS. Moderate
cells in nerves . fatty
metamorphosis.
3 Fibrosis focally . One Foci of Areas of Superior approaches Moderate fibrosis. Markedly lobulated.
pole of node hemorrha ge. hemorrhage . showed many empty Infiltration of with loop
separated from Fibrosis of Superior spaces . Connections mononuclear format ion .
atrium by fat. nerve s. approaches to the node tenuous . cells in distal
Epicardium fatty Marked elastosis part and node
fibrosis and infiltration . adjacent to node . separated into
mononuclear Fibrosis of Edema , parts as it
ce lls . occasional mononuclear cells , becomes the
nerve . dilation of veins. bundle .
Epicardium
infiltrated with
mononuclear
cell s.
4 Small groups of nodal
cell s separated from
node . Small
accumulations of
mononuclear cells .
Epicard ium
infiltrated with
mononuclear
cells . Arterio les
thicken ed .
Fibrosis of
nerve s. Infiltrated
with mononuclear
cell s.
Moderate fatty
infiltration with
slight fibrosis.
Marked fatty
infiltration (Fig . 8).
Small branc hes of
ramus septi fibrosi
thickened .
Partly embedded
in CFB .
Moderat e
mononuclear
cell infiltration.
Tenuous
connections
superiorly.
Elongated .
segmented. with
loop formati on .
Copious
mononuclear
cells .
AD = Aortic; APP = atrial prefere ntial pathways; AV = atriove ntricular; BB = branching bundle; CFB = central fibrous body; LBB = left
bundle branch; LV = left ventricle; MV = mitra l valve; RBB = right bundle branch ; RV = right ventricle; SA = sinoatrial; TV = tricuspid valve ;
VS = ventricular septum .
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BB RBB LBB Summit of the VS and CFB LV RV
Focal fibrosis. Small Fibrosis in first and Beginning widely Tricuspid prong of CFB Occasional small Slight fatty
hemorrhage. second parts; third interrupted with matkedly thickened. groups of infiltration and
Marked falling part normal. loss of cells. Continuous with fibrosis mononuclear fibrosis.
out of cells in of right side of atrial cells.
beginning which septum and fibrosis of
extended base of TV. Right side of
downward into summit showed
the LBB (Fig. 2). considerable fibrosis,
arteriolosclerosis and
narrowing. Thickening at
base of AO valve
continuous with other
thickenings and with that
of CFB.
Moderate fibrosis. Marked fibrosis in first Moderate fibrosis. Distinct myocarditis (Fig. Myocarditis with No evidence of
part (Fig. 4). Entire Some fibers of 5). Arteriolosclerosis of moderate fibrosis. myocarditis.
course LBB surrounded large arterioles. Fibrosis
intramyocardial. by myocardial more marked on right
fibers. More side than left. Medial
peripherally, leaflet of TV lower than
fatty usual. Tricuspid part of
metamorphosis. CFB large.
Bifurcation of
bundle on left
side.
Left sided (Fig. 6). First part Dissolution of TV thick and medial leaflet Areas of fibrosis. Moderate fatty
intramuscular. tissue in pushed down further than metamorphosis.
beginning. normal (Fig. 7). Prongs
Distally, Purkinje of connective tissue
cells vacuolated. corning down into the
septum, producing a
peculiarly enlarged
network of ventricular
muscle. Tendon of
Todarro further down
from the CFB than usual.
The summit of the VS
showed marked fibrosis
on left side. Summit was
abnormal with a large
fibrous mass cutting off a
portion of the summit
from the remainder of the
septum.
Marked fibrosis. Relatively large Slightly infiltrated Slight to moderate Slight fibrosis. Fatty infiltration.
structure. with mononuclear cell Scattered
mononuclear infiltration. Marked mononuclear
cells. arteriolosclerosis of large cells.
arterioles (Fig. 9).
Increased sclerosis of
cardiac skeleton. CFB
marked thickening of
arterioles. Aortic valve,
increase in basal
spongiosa with
mononuclear cell
infiltration in proximalis
and spongiosa.
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Heart. The heart was not enlarged. The tricuspid orifice
was somewhat enlarged and the anterior leaflet was divided
into two segments. The leaflet revealed considerably in-
creased hemodynamic change for this age. There were three
coronary ostia for the right coronary artery, and the left
coronary artery was larger than the right; both arteries were
patent throughout. The myocardium of the left ventricle
showed areas of fat spreading from the epicardium. The rest
of the heart was within normal limits. The histologic findings
in the conduction system are given in Table 1.
Pathologic diagnosis. These findings were noted:
1. Thickening of AV node artery (Fig. 3).
2. Moderate lobulation and loop formation of the AV
bundle.
3. Left-sided AV bundle.
4. Marked fibrosis ofright bundle branch (Fig. 4).
5. Subacute to chronic myocarditis (Fig. 5).
6. Fatty infiltration of the atrial septum.
7. Fibrosis of the branching bundle.
Figure 3. Case 2. Thickening of the ramus septi fibrosi, fatty
infiltration (F) around the AV node (N) and thickening of the
tricuspid prong (TP). M = myocardium. Weigert-van Gieson stain;
original magnification x 45, reduced by 26%.
Figure 4. Case 2. Bifurcation of the bundle of His occurring
intramyocardially on the left side. LBB = left bundle branch;
RBB = fibrosed right bundle branch; C = conal musculature on
left side. Weigert-van Gieson stain; original magnification x 17.25,
reduced by 31%.
8. Fibrosis of the left bundle branch.
9. Slight downward displacement of the medial leaflet of
the tricuspid valve.
10. Neuritis adjacent to the SA node.
11. Sclerosis of the right side of the cardiac skeleton.
Case 3
This healthy 21 year old white man became involved in
an argument in a bar and was later kicked to a concrete
walk and kicked in the head and neck. He collapsed, was
brought to the hospital in a state of cardiac arrest and died.
Postmortem examination (excluding the heart). There
were multiple abrasions and contusions, which were not
considered serious enough to have caused death. The lungs
were not collapsed, and no blood was present in the pleural,
pericardial or peritoneal cavities. Superficial lacerations, 5.0
x 0.08 em, of the right liver lobe and bronchopulmonary
hemorrage in the right upper lobe were present. The re-
JACC Vol. 8, No.5
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Figure 6. Case 3 Left-sided bundle of His (arrow). V = summit
of the ventricular septum; L = left side of septum;R = right side
of septum, Hematoxylin-eosin stain; original magnification x 17,25,
reduced by 26%,
septum, with abnormal entry of the AV node into the
central fibrous body.
6. Mild Ebstein-like malformation of the tricuspid valve
(Fig, 7),
Case 4
This 20 year old white woman was found dead in her
bed. She had a history of transient arrhythmias during the
year before death.
Postmortem examination (excluding the heart). Acute
congestion of all the organs and a colloidal cyst of the
pituitary gland were present.
Heart. The heart was enlarged slightly, weighing ap-
proximately 380 g, The eustachian valve was considerably
enlarged, and the space of His was aneurysmally dilated.
There were mild hypertrophy and enlargement of all the
chambers. The coronary arteries were widely patent. A con-
siderable amount of fatty infiltration was seen in the epi-
Figure 5. Case 2, Myocarditis (hematoxylin-eosin stain; original
magnification x 150, reduced by 26%),
maining organs were not affected, Pericardial blood alcohol
content was 0.178%, aortic blood alcohol content 0,187%
and brain alcohol content 0.164%; according to the Chief
Toxicologists of the State of New Jersey, these amounts
were insufficient to cause death.
Heart. The heart was enlarged, weighing 397 g. A small
aneurysm of the fossa ovalis was present. The eustachian
valve was quite prominent and showed marked fenestration.
There were mild hypertrophy and enlargement of the right
atrium and both ventricles. A prominent piece of muscle,
present beneath the right aortic cusp in front of the mem-
branous septum, measured approximately 0.5 X 0.5 em in
greatest dimensions, The coronary arteries were normal.
The histologic findings in the conduction system are given
in Table I.
Pathologic Diagnosis. These findings were noted:
I. Left-sided branching bundle (Fig. 6).
2. Intramyocardial right bundle branch.
3. Fibroelastosis of the approaches to the AV node.
4, Markedly lobulated bundle of His with loop formation.
5, Abnormal formation of the summit of the ventricular
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Figure 7. Case 3. Downward-displaced tricuspid valve (TV). V
= ventricular myocardium; A = atrial musculature. Weigert-van
Gieson stain, original magnification by 17.25, reduced by 26%.
cardial surface on the anterior wall of the right ventricle,
especially along the anterior interventricular and AV sulcus.
The histologic findings in the conduction system are given
in Table I.
Pathologic diagnosis. These features were noted:
1. Fatty infiltration of the atrial preferential pathways and
approaches to the AV node (Fig. 8).
2. Arteriosclerosis and arteriolosclerosis of the ramus septi
fibrosi.
3. Partial embedding of the AV node in the central fibrous
body.
4. Segmentation and loop formation of the penetrating bun-
dle of His.
5. Fibrosis of the bifurcating bundle of His.
6. Abnormal architecture of the summit of the ventricular
septum with arteriolosclerosis (Fig. 9).
7. Fatty infiltration of the right ventricle.
8. Atypical myocarditis of the conduction system.
Discussion
According to Reng-Lang Lin, Chief Toxicologist of the
State of New Jersey, the amounts of alcohol found in the
organs in Cases I and 3 and the amounts of marijuana and
cocaine derivatives in Case 2 were insufficient in themselves
to produce sudden death. Likewise, the effects of trauma
were minimal at autopsy in Case 3. We therefore believe
that the findings in the conduction system in these four cases
may have some relevance to the cause of sudden death.
Congenital Abnormalities of the Conduction System
The important congenital abnormalities were left-sided
bundle in two cases, markedly segmented bundles in two
cases and loop formation of the His bundle in all four cases.
Where the bundle was left-sided, the course of the right
bundle branch was intramyocardial.
Left-sided bundle of His. The presence of a left-sided
His bundle may not be an innocuous variant of the normal.
Figure 8. Case 4. Fatty infiltration (PI) of the approaches to the
AV node. M = myocardium. Hematoxylin-eosin stain; original
magnification x 17.25, reduced by 26%.
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Figure 9. Case 4. Increased sclerosis of the cardiac skeleton.
Arrows point to arteriolosclerosis of the summit of the septum.
Weigert-van Gieson stain; original magnification X 45, reduced
by 26%.
Normally, the His bundle is well protected within the central
fibrous body and the membranous septum. The central fi-
brous body and the membranous steptum are histologically
formed by dense connective tissue and a few elastic fibers.
However, when the bundle is located within the left ven-
tricular aspect some distance beneath the summit of the
ventricular septum, it is subjected to hemodynamic stress
and the strain of left ventricular pressure. We postulate that
these hemodynamic stresses and strains (normal left ven-
tricular pressure) may cause early degenerative changes of
the bundle. We have reported (4) the case of a young woman
with Uhl' s disease who had repeated ventricular tachycardia
and who died suddenly. In this case we found a left-sided
His bundle. In addition, our studies (5) on sudden infant
death revealed a left-sided His bundle in 8 of 15 cases. This
was statistically significant in comparison with the normal
occurrence. We therefore believe that the bundle, if situated
on the left ventricular aspect of the ventricle in an AV-
concordant heart, may be in a disadvantageous position.
Segmentation or fragmentation of the His bundle. The
other congenital abnormality of the His bundle, namely
segmentation of fragmentation, was found in all four cases.
A markedly fragmented bundle is not infrequently seen on
pathologic study in children with congenital AV block (6).
When congenital AV block is seen in adults, the bundle is
markedly fragmented (7). The fragmented bundle may be
responsible for the slowing of conduction at the intra-Hisian
level and may permit reentry or produce abnormal auto-
maticity or may lead to paroxysmal block due to fraction-
ation of the impulse transmission through the abnormal
structures. Likewise, the loop formation, which was present
in all cases, could cause reentrant phenomena. These find-
ings are probably the same as those reported by James (8)
in his cases of sudden death.
Acquired Changes in Conduction System
Acquired changes in the conduction system were wide-
spread. The SA node was found to be partially separated
from the atrium by fat in Cases 1 and 3, and there was focal
infiltration of mononuclear cells in the node in Cases I and
2. In Case 4 the SA node was divided into segments.
SA node. The approaches to the SA node showed more
changes than did the node itself. Most prominent was the
infiltration of mononuclear cells in the nerves, with fibrosis
in Cases 2,3 and 4. In addition, the epicardium was the seat
of chronic inflammation in these three cases. Thickening of
the arterioles was noted in Cases I and 4 as was fatty
infiltration in Case 2 and foci of hemorrhage in Case 3.
AV node. The approaches to the AV node showed a
wide array of phenomena. All cases showed fatty infiltra-
tion. Single cases presented fibrosis and arteriolosclerosis
(Case I) and mononuclear cell infiltration (Case 2). In Cases
3 and 4 the connections to the AV node were tenuous with
marked elastosis and edema adjacent to the node. The small
branches of the ramus septi fibrosi were thickened and nar-
rowed in Cases I, 3 and 4.
The AV node was partially embedded in the central fi-
brous body in Cases 1,3 and 4. Whether this is a congenital
or acquired change, we do not know. In two cases there
was infiltration with mononuclear cells.
Bundle of His. In the penetrating bundle, fatty meta-
morphosis was present in Case 2, and copious mononuclear
cells were present in Case 4. In the branching bundle, marked
fibrosis was noted in Cases I, 2 and 4.
Bundle brancbes. The first part of the right bundle branch
showed fibrosis in all cases. The beginning of the left bundle
branch showed loss of cells in Cases I and 3, with fibrosis
in Case 2. In Cases 2 and 3 fibrosis of the left bundle branch
surrounded foci of myocardium.
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What role anyone of these acquired changes played in
sudden death is unknown. Of great interest is the marked
fatty infiltration seen in all four cases, especially in the
approaches to the SA and AV nodes in relatively young
people. We have seen this in cases of sudden death in
infants, children, teenagers and those in the early twenties
(3). Its role remains conjectural.
Myocarditis. Two cases in our series had myocarditis.
In Case 2 this involved primarily the summit of the ven-
tricular septum. In Case 4 the myocarditis involved the AV
node and His bundle as well as the summit of the ventricular
septum. In the case reported by Gault et al. (9), sudden
death occurred in a child with a family history of sudden
death in young people. In that case pathologic examination
revealed degeneration of the bundle branches with myo-
carditis. These cases suggest that where there is fragmen-
tation of the bundle or degeneration of the bundle branches
there may be a tendency toward the development of myo-
carditis.
Arteriolosclerosis of the septum. An interesting finding
in three cases was the arteriolosclerosis of the summit of
the ventricular septum. This extended to the central fibrous
body and the membranous septum in two cases. We pre-
viously noted this occurrence in cases of sudden death in
young people (3). In Cases I and 2, it was associated with
sclerosis of the right side of the summit, a type of sclerosis
we previously documented in three teenagers who died sud-
denly (3). We have also pointed out that when premature
aging changes are seen in the conduction systems of young
people, it involves not only the right side of the septum but
also the right bundle branch more than the left bundle branch.
We have seen this again in the present study. In addition,
in Case 4 the summit of the ventricular septum revealed
patchy areas of fibrosis intermingled with irregular arrange-
ments of myocardial cells. This did not resemble the disarray
pattern of hypertrophic cardiomyopathy (10), and the nature
of this type of myocardial pattern is not clear.
Central fibrous body. The central fibrous body and the
tricuspid component, which helped form the central fibrous
body in our four cases, was abnormally formed. Either it
was thicker than normal, or the size and thickness of the
aortic component or the angle that it took in forming the
central fibrous body was abnormal. Likewise, the tricuspid
component in two cases was very thick, and in the other
two it was displaced into the right ventricular cavity, form-
ing a mild, atypical Ebstein-like formation. It has been our
thesis for many years that the architecture of the central
fibrous body may account for various stresses and strains
on the conduction system. The extent of sclerosis of the
summit of the ventricular septum may likewise modify the
various forces affecting the conduction system.
Causes of Sudden Death
Somewhere in these data on four young people who died
suddenly lies either an answer or a clue to an answer as to
what causes sudden unexpected death in young people. We
realize that anatomic data can provide only a baseline for
the true answer. As pointed out by James (8) fragmentation
of the AV bundle, whatever its cause, may facilitate reentry
leading to ventricular fibrillation and sudden death. Simi-
larly, an abnormally located His bundle, such as a left-sided
or right-sided bundle, may be responsible for vulnerability
to arrhythmogenicity with or without cellular infiltrates or
fat. Finally, we emphasize that in all the cases of sudden
death in young people we have studied there were findings
in the conduction system, both congenital and acquired dis-
ease.(3)
We are grateful to Robert Goode, MD, State Medical Examiner. New
Jersey and his associates, who were kind enough to send us the hearts for
examination.
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